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Abstract 
A composite film of soya phosphatidylcohline (soya PC) and bacteriorhodopsin (BR) was fabricated by the 
multilayer molecular thin film method using fatty acid and lipid on a quartz substrate. Direct Force Microscopy 
(DFM), UV absorption spectra and IR absorption spectra of the film were characterized on the detail of surface 
structure of the film. The DFM data revealed that many rhombus (diamond-shaped) particles were observed in the 
film. The spectroscopic data exhibited the yield of M-intermediate of BR in the film. On our modelling of molecular 
configuration indicate that the coexistence of the strong inter-molecular interaction and the strong inter-molecular 
interaction between BR trimmers attributed to form the particles. 
© 2010 Published by Elsevier B.V. 
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1. Introduction 
Membrane protein crystals have huge possibilities for creating solutions to the problem of how to design an 
artificial bio molecular device. [1] This is because of their advanced functionality. For solving the three-dimensional 
unknown membrane protein structure, nowadays, structural biologists have been relying on highly resolved 
diffraction techniques and they do not need to prepare membrane proteins of large crystals. Now it is becoming 
possible to solve the three-dimensional unknown membrane protein structure using only micro crystals that have the 
size of several micrometers. Therefore, it may be a significant problem for structural biologists to construct only 
good micro crystals of membrane protein. However, although there are thoughts of the 20 or 30 thousand membrane 
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protein species that exist, the complexity of membrane proteins has been a substantial barrier confronting 
researchers[2-4]. 
To provide an effective way to construct an artificial bio-film we have been researching on composite 
Langmuir Blodgett (LB) film of membrane protein and phospholipid by using our recent method [4]. As one model 
case, we have studied phospholipid (shown in Fig. 1(b)) and membrane protein bacteriorhodopsin (BR)[6-7] (shown 
in Fig. 1(a)), which is a light driven proton pump. The method provides an organic film to be a support for a 
biomolecular element, or in other words a biosensor molecule is fabricated by forming a layer of lipid molecules 
above a layer of fatty acid molecules that is a first-type thin film layer formed on an inorganic substrate[5]. A thin 
film, having both strength and flexible structural characteristics, enabling formation of a planar structure of lipid 
molecules and a curved membrane surface structure for fabricating such a thin film must thus be devised. By 
selection and combination of fatty acid molecules, a thin film structure with a characteristic pattern structure can be 
obtained. Furthermore, a bottom substrate for depositing bio molecular thin film creates a different effect on the 
surface structural features of the film [8-9]. 
In this study, two types of phospholipid, dimyristoyl-phosphatidylcohline (DMPC) and soya PC 
(phosphatidylcholine contained in soya beans, as shown in Fig. 1(b)), and two types of fatty acids, stearic acid and 
retinoic acid, have been applied and compared in detail. DMPC and soya PC have a different number of carbon 
atoms in their hydrocarbon chain, 12 and 16 respectively. By scanning probe microscopic measurement, the surface 
structure of the films was characterized. Furthermore, FTIR reflection absorption spectrums and UV absorption 
spectrum of the film was characterized. 
(b)(a) (c)
Fig.1  Schematic diagrams (a) BR, (b) DMPC, (c) multi layer LB film 
2. Experimental 
2.1 LB film preparation 
As a fatty acid, retinoic acid (RetA) (purchased from Sigma Co. Japan), was prepared as a solid powder sample 
and dissolved in chloroform as a solvent to a concentration of 3.2 mM.  This was spread on a water surface and was 
then collected from the water surface as a film onto a substrate by the LB method reported in the previous report[10]. 
The surface pressure of Langmuir (L) film was monitored by a single platinum wire displacement and weight 
change was adjusted to 25 mN/m. Moving speed was set at 0.01mm/s. The substrate with the film placed thereon 
was cleaned with distilled water and then dried in a nitrogen gas atmosphere.  A three-layer RetA film was prepared 
by conducting the transition from liquid phase to air, from air to water, and back to air phase again. Next, in likewise 
manner, a DMPC (purchased from Nakarai tesque Inc.) and soya PC (purchased from Nihon Yushi Inc.) as lipids 
were prepared as a solid powder sample and dissolved in hexane as a solvent.  Because the lipid was insoluble, 
dispersion by ultrasonic waves was performed by a table-top ultrasonic oscillator (NEOCLEANER-R, manufactured 
by Alex Corporation), and in the short time before reaggregation occurs, the lipid is spread on a water surface and 
then collected by the LB method from above the water surface as a film onto the substrate, on which the fatty acid 
was accumulated. A two-layer lipid and BR film above the three- layer RetA film was prepared by conducting the 
transition from air phase to liquid phase, and then to air phase again, as shown in Fig. 1(c). After determination of 
the fabricated conditions suited for the thin film that is targeted, introduction of the membrane protein BR in the 
process of introducing the lipid as a reagent was achieved. BR was prepared by the Becker and Cassim method[11]. 
The molecular ratios of DMPC and BR was set to 1:9. 
2.2 Spectroscopic measurement and surface structural analysis of LB film above fatty acid film 
The state of the surface of the thin film was examined by identification of the accumulated substances and 
observation of the state by measurement of the ultraviolet-visible (UV-vis) absorption spectrum using a Shimadzu 
UV1200 spectrometer and the infrared (IR) absorption spectrum using a Shimadzu IR Prestage 21 spectrometer, 
with AIM8800 for microscopic IR absorption measurement and by scanning probe microscope measurement using a 
tapping mode AFM technique (or direct force measurement (DFM)) with a Digital Instruments Nano Scope IIIa. 
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3. Results and discussion 
3.1. Structural analysis of a composite LB film of lipid and BR 
A DFM image of a composite LB film of soya PC and BR is shown in Fig. 2. We found that there are many 
diamond-shaped particles (as shown in Fig. 2(a)) that has a length of about 1500nm as shown in Fig. 2(d). One is 
magnified and shown in Fig. 2(c). Cross section analysis as shown in Fig. 2(b) revealed that has a height of 100nm. 
Furthermore, from detailed DFM data, the shape of one particle as is shown in Fig. 3(a) was clarified that has a 
rhombus feature with a ratio of short axis / long axis of 0.375 as shown in Fig. 3(b). All the particles found in the LB 
film had the same feature or elongated ones. 
On the contrary, in the case of using DMPC as a lipid, we could not notice any specific features in surface 
structure, although many kinds of particles were observed. (data are not shown here) These differences indicate that 
a different number of carbon atoms in their hydrocarbon chain, 12 and 16, become critical for forming structures 
whether diamond-shaped or not. 
3.2. Spectroscopic analysis of a composite LB film of lipid and BR 
Fig. 4 shows the absorption spectrum of three layers LB film of retinoic acid (RetA 3L) and the absorption 
spectrums of composite LB film of soya PC and BR deposited by 2, 4, 6, 8 and 10 layers. At first, it is clear that the 
absorbance at 363nm decreased after depositing soya PC and BR. This is because LB film of PC reflected the light. 
Lastly, absorption in the range of visible light, as shown by an arrow at about 560 nm is caused by accumulation of 
BR. Thirdly, from this data, as shown by an arrow at about 410-420 nm, the absorption that is attributed to M-
intermediate (Mx) [5] of BR was confirmed. These observations have not been seen before. 
Fig. 5 shows the IR absorption absorption the LB films using as first layer of film stearic acid (a), retinoic acid (b), 
respectively. In both case, large absorbance at 1342 cm-1 were observed. These were considered to be the existence 
of BR and lipid.   Fig.5(c) is the data when microscopic IR absorption focused into the area by ten micron squares 
meters in which the diamond-shaped particle observed.  Fig. 5(d) is the second derivative of the absorption of 
Fig.5(c) plotted in the range from 1200 to 1350 cm-1. Higher second derivative value at 1277 cm-1, 1271 cm-1 and 
1242 cm-1 were observed. These are assigned to the CO- stretch of tyrosinate of protein sidegroups and 
chromophore of M intermediate of BR [12-13]. 
Fig.2  DFM image (a) top view of 10um square, (b) cross section 
analysed view, (c) 45 degree landscape of dotted area, (d) top view
Fig.3  DFM image and schematic diagrams of modelling for 
particle (a) top view of 2um square, (b) rhombus scheme (c)  
three kinds of modelling illustrations 
3.3. Possibility of rhombus structural unit of lipid and BR 
It is known that BR tends to have the two-dimensional hexagonal lattice structure and its structural 
characteristics exhibits BR can take the state not only of trimmer but dimmer or monomer depend on inter-
molecular interaction between BR molecules and lipid molecules [14]. And the phenomenon of the oriented 
incorporation of BR molecules into the lipid shell of phospholipid particles is known [15]. However, if we explain 
the above observed shape feature of particle, for example, such as shown in Fig. 3(c)-i, or -ii, we can only calculate 
a rhombus feature with a ratio of short axis / long axis of the value in the range 0.64 - 0.67. On the other hand, if we 
take account of possibility of configuration of the lattice, for example, as shown in Fig. 3(c)-iii, we can estimate 
rhombus feature with a ratio of short axis / long axis of about 0.375. Neutze et al. reported a supporting data for our 
illustration of molecular configuration that the M-intermediate of BR tends to exhibit a largely distorted structure 
with F helix (one of the seven helices of BR; A-G) outer region of molecule [16].  On our modelling of molecular 
configuration indicate that the coexistence of the strong inter-molecular interaction and the strong inter-molecular 
interaction between BR trimmers attributed to form the particles. 
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Fig.4 (Left )UV-vis absorption spectra of LB film.  
Fig.5 (Right )FTIR absorption spectra of LB film. (a) data 
using stearic acid, (b) using retinoic acid for first layer, 
respectively, (c) microscopic IR measurement data, and (d) 
its second derivative data.
4. Conclusion 
This work addressed the application of the multi layer molecular thin film method using fatty acids and lipids 
on an inorganic substrate. A composite film of soya phosphatidylcohline (soya PC) and bacteriorhodopsin (BR) was 
fabricated. We found that in the case of using soya PC and retinoic acid, a rhombus (diamond- shaped) particle was 
fabricated. Several numbers of the particles that have the same feature were observed. The largest one  had a length 
of 1500 nm, and a height of 100 nm. Because these structural features have not been seen before, the multi layer 
molecular thin film method using fatty acids and lipids on an inorganic substrate is an effective and appropriate 
technique to explore the way of creating membrane protein structures. 
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